Simian retrovirus (SRV) type D is a common cause of simian acquired immunodeficiency syndrome (SAIDS), a usually fatal immunosuppressive disease of macaques. Associated gross and histologic lesions have been well described for the rhesus macaque (Macaca mulatta) in experimental and natural infections. However, morphologic changes induced by this virus at the gross and lightmicroscopic level have not been documented in the cynomolgus macaque (Macaca fascicularis). In 1996, sporadic cases of anemia, weight loss, and diarrhea were noted in a colony of cynomolgus macaques in our research facility. Out of 28 animals, 24 tested positive for SRV by serology or virus isolation. Animals could mainly be classified into 1 of 2 categories: 1) positive for virus isolation but negative for SRV antibody and 2) negative for virus isolation but antibody positive. During the process of eliminating the virus from the colony, a complete postmortem examination was performed on the 24 infected animals that had to be culled. Twelve SRVnegative animals were available as controls. Minimal to mild follicular lymphoid infiltrates were seen in various organ systems in 75% of the negative animals, compared with moderate to marked infiltrates in 83% of infected animals. Lymphoid infiltrates were more common in the brain, bone marrow, and salivary gland of viremic animals and were rare to nonexistent in seropositive or negative animals. Lymphoid hyperplasia was present in 38% of the infected animals, whereas lymphoid depletion was seen in 47% of the infected animals. Overall, lesions were of greater severity in viremic animals than in virus-negative or seropositive animals. Overall, infected animals had lower, statistically significant hematocrit and lymphocyte values. Viremic animals had significantly lower hematocrit, white blood cell, lymphocyte, and neutrophil values than did controls. Only 1 out of 24 infected animals had clinical signs that were consistent with the definition of SAIDS, and none had evidence of opportunistic infections. Lesions were similar to those already reported in other species of macaques, but the absence of severe illness that was consistent with SAIDS in most viremic animals suggests that there may be a different manifestation of disease in the cynomolgus.
INTRODUCTION
Simian retrpvirus (SRV) type 1 and 2 are members of the type D subfamily of exogenous retroviruses, which is found almost exclusively in Asian Old World monkeys of the genus Macaca. SRV has been identified as one of the causes of simian acquired immunodeficiency syndrome (SAIDS), a naturally occurring immunosuppressive and usually fatal disease of macaques that has been reported at several regional primate research centers in the United States (4, 9, 15) . Animals suffering from advanced SAIDS may exhibit generalized lymphadenopathy, splenomegaly, anemia (packed cell volume [PCV] < 30%), bone marrow hyperplasia, lymphoid depletion, neutropenia (< 1,600 cells/ mm3), weight loss, persistent unresponsive diarrhea, chronic opportunistic infections, and malignant neoplasia (8) . Pyogenic bacterial infections are commonly associated with SRV infection, whereas a fibroproliferative disorder known as retroperitoneal fibromatosis and an inflammatory myositis have been specifically linked to SRV (2, 6) .
The outcomes of SRV infection can usually be divided into 3 categories: (a) a viremic state with rapid disease progression, (b) low-grade viremia, with a chronic milder form of the disease, and (c) a strong antibody response with no overt signs of disease. This pattern is explained by the fact that SRV antibody, whether it is naturally occurring or vaccine induced, is neutralizing (1, 11) . Thus, the outcome of the disease depends on the magnitude of the humoral immune response.
Histologic changes in SRV-infected macaques have been documented. Acute infections are characterized by severe pancytopenia with marrow hyperplasia and maturational arrest (14, 16) . The lymphadenopathy is the result of marked follicular hyperplasia with a reduction of paracortical tissue, but as the disease progresses, there is involution of the follicles. In the terminal stages of the disease, nodes are characterized by marked lymphoid depletion, hemosiderosis, medullary histiocytosis, and erythrophagocytosis. In persistently infected animals, lymphoid follicles appear in a variety of organs-usually the salivary glands, pancreas, kidneys, thymic medulla, and bone marrow. In animals that become depleted after marked hyperplasia, depletion is also apparent in the extranodal lymphoid nodules (3, 6, 10) .
In 1996, sporadic cases of anemia, weight loss, and persistent diarrhea were observed in a captive colony of cynomolgus macaques in our research facility. Serological analysis demonstrated a high prevalence of infection with SRV type D in a portion of the colony. An assessment of the potential effect of this virus on the general health of the colony was complicated by the fact that, besides some anecdotal accounts, the biological behavior and pathogenesis of SRV in cynomolgus macaques have not been documented. In addition, comprehensive studies detailing the progression of microscopic lesions from either natural or experimental infection in this species were not found in the literature. During the process of eliminating the virus from our colony, 24 animals with an extensive history and evidence of virus exposure were culled. This gave us the opportunity to examine and compare tissues from naturally infected animals to similar tissues from animals with no history of exposure to SRV.
MATERIALS AND METHODS
In 1996, sporadic cases of chronic weight loss, anemia, and persistent diarrhea were noted in our captive colony of cynomolgus macaques. As part of the diagnostic evaluation, blood samples were obtained and submitted to a private laboratory for serological analysis (MA BIO-SERVICES, Inc., Rockville, MD). Blood samples were analyzed for the presence of SRV antibody, using immunofluorescent antibody and western blot analysis. SRV virus isolation from blood samples by in vitro culture was also attempted. Results from these blood analyses demonstrated a high prevalence of SRV infection in a portion of the colony (based either on virus isolation or on the presence of antibody titers). In an attempt to eliminate the virus from the colony, a total of 24 SRV-positive animals were culled, and complete necropsies were performed. The following tissues were collected, fixed in formalin, and routinely processed to hematoxylin and eosin (HE)-stained glass slides for histologic exam: kidney, urinary bladder, thymus, stomach, duodenum, jejunum, ileum, prostate, cecum, seminal vesicle, trachea, thyroid, adrenal, mesenteric lymph node, brain, lung, femoral vein, liver, esophagus, spleen, mammary gland, gallbladder, bone marrow, pituitary, testis, pancreas, peripheral nerve, epididymis, eye, heart, parathyroid, skin, aorta, skeletal muscle, and bone. Histologic examination of all tissues was performed. Selected sections were processed for special stains following examination of HE-stained slides. In addition, blood samples were collected in EDTA tubes at the time of euthanatization so that we could determine hematology values, including PCV and white cell counts with differentials. Blood and tissues from 12 unexposed animals (control animals from other studies, in which necropsy was a required part of the protocol) that tested negative for SRV antibody and virus isolation were used as negative controls.
RESULTS

Serology and Virus Isolation
A total of 24 infected animals were selected out of the colony. Of these, 12 animals displayed evidence of viremia, based on positive virus-isolation results, and the other 12 animals had detectable SRV antibody titers. Of the 12 viremic animals, 2 also had detectable antibody. In most cases, animals were either antibody positive, virus negative, or antibody negative-virus positive. For data-comparison purposes, infected animals were classified as either viremic or nonviremic. In addition, there were 12 animals that had no detectable antibody to SRV, that were negative by virus isolation, and that had no history of exposure to any positive animals. These animals were considered negative controls.
Clinical Pathology
Among infected animals, hematocrit values ranged from 21.6 to 43.2, with a mean of 35.4, whereas in negative animals, hematocrit values ranged from 36 to 48.1, with a mean of 43. Only 2 infected animals had hematocrit values that were below 30% (27.3 and 21.6). Overall, infected animals had lower mean hematocrit values than did negative animals, and the difference was statistically significant (Table I) . Statistically significant differences were also detected between viremic and seropositive animals versus control animals. Viremic animals had a lower mean hematocrit value than did the nonviremic animals, but the difference were not statistically significant. Likewise, infected animals had significantly lower lymphocyte counts than did control animals (Table I) .
Infected animals also had lower mean white blood cell and neutrophil counts, but the differences were not statistically significant. Viremic animals had significantly lower white blood cell, lymphocyte, and neutrophil counts than did controls. Neutrophil counts ranged from 855 to 17,484 cells/mm3, and only 2 animals had values below 1,700 cells/mm3, according to the definition of Henrickson et al (8) . However, both of these animals had normal hematocrit values. Lymphocyte counts ranged from 1,030 to 4,334 cells/mm3, and 4 animals had values below 1,600 cells/mm3.
Histopathology
Table II depicts the range and incidence of histologic changes. Infected animals had a higher incidence of lesions than did negative controls, and these were more consistently seen in the viremic group. Most prevalent lesions in this group included follicular lymphoid cell infiltrates in the kidney (Fig. 1 ), pancreas, salivary gland, bone marrow, brain, and, less frequently, in the reproductive organs and peripheral nerves. These lesions were composed mostly of lymphocytes, which were seen as discrete follicles, with frequent formation of germinal centers. Germinal center formation was common in the bone marrow but was also seen in the kidney and pancreas. In the brain, the infiltrate was seen as perivascular cuffs around meningeal vessels. The seropositive group had a much lower incidence and severity of such lesions when compared with the viremic animals (Table III) marrow of 1 negative animal. None were detected in the brain or bone marrow of the seropositive animals. Except for lymphoid atrophy of the spleen and lymph node, lesions in seropositive-virus negative animals were comparable to those in the negative animals in terms of severity and incidence. Although lymphoid infiltrates were observed in 9 out of 12 negative animals, these were classified as slight/minimal, a classification that was comparable in prevalence and severity with that of the seropositive-virus negative group. Likewise, most infiltrates, when present in the nonviremic group, were classified as mild. However, in the viremic group, 8 of 12 animals had lesions that ranged from moderate to severe.
Other common lesions in the viremic group included lymphoid depletion and hyperplasia of the spleen and/or lymph node. Lymphoid hyperplasia was seen most commonly in the spleen and was characterized by the presence of large, almost confluent lymphoid follicles, with prominent germinal centers and narrow mantle zones (Fig. 2 ). Lymphoid depletion was most commonly characterized by nodes that lacked well-defined cortical follicles, with narrowed paracortex and medullary sinuses that were markedly distended, mostly with macrophages, many of which were laden with hemosiderin. In the viremic group, 4 animals had splenic lymphoid hyperplasia that ranged from moderate to severe, whereas the incidence of this lesion in the seronegative and nonviremic groups was low and of slight to mild severity.
Intestinal villous atrophy characterized by multifocal villous blunting and fusion was occasionally accompanied by diffuse lymphoplasmacytic infiltrates in the lamina propria. In addition, in many cases, the mucosa lacked a distinct epithelial surface and was typically lined by several layers of densely packed, plump goblet cells that were laden with a finely granular, pale, basophilic material that was positive for periodic acid-Schiff. This condition was diagnosed as goblet cell hyperplasia and was most evident in the duodenum and jejunum.
One seropositive animal was diagnosed with lymphoma. Grossly, this animal had a generalized lymphadenopathy, splenomegaly, and a thymic mass. On microscopic examination, the mass consisted of a monomorphic population of large atypical lymphoid cells that were arranged in diffuse sheets. Cells had a large oval-to-cleaved nuclei with vesicular chromatin, prominent nucleoli, and scant basophilic cytoplasm. There were 2 to 3 mitotic figures per high-power field. Cells of similar morphology effaced the normal architecture of the spleen and lymph node and replaced most bone marrow elements.
A low frequency of a variety of other miscellaneous lesions were seen, mostly in the infected group, and these lesions included bronchiolitis, pulmonary arterial thrombosis, protozoa (encysted in skeletal muscle), prostatitis, and seminal vesiculitis.
DISCUSSION
In this report, we document for the first time the character and incidence of histologic lesions in a group of captive cynomolgus macaques infected with type D SRV. Follicular lymphoid infiltrates, lymphoid depletion, and lymphoid hyperplasia were the most common lesions among infected animals. These lesions are similar to those reported to occur in other SRV-infected macaques, namely the rhesus, and generally were more common and severe in those animals that had evidence of viremia, as determined by a positive virus-isolation result.
In this study, most animals with positive SRV titers were negative for virus isolation. In the rhesus macaque, SRV antibody has been shown to be neutralizing and protective against the disease. Thus, a strong humoral response usually correlates with mild or no clinical disease and with an inability to isolate the virus (1) . The failure to isolate the virus and the absence of severe lesions in the seropositive group suggests that SRV antibody may also be neutralizing and protective against SRV in the cynomolgus macaque. Thus, the pattern of lesions seen in this study is consistent with the protective role of the humoral immune response against this retroviral infection, in that milder disease is usually associated with detectable or high levels of antibody and with an inability to isolate the virus (11) .
Minimal to mild follicular lymphoid infiltrates were seen in various organ systems in 75% of the negative animals, compared with moderate to marked infiltrates in 83% of infected animals (Table II) . When present in negative or seropositive animals, these infiltrates were usually seen as a few small, scattered clusters of lymphocytes, with fewer plasma cells, and they were usually of minimal severity. However, in viremic animals, these infiltrates were typically seen as large, discrete, sometimes confluent follicles, with frequent formation of germinal centers (except in the brain, in which infiltrates were present as small perivascular aggregates in the leptomeninges). In viremic animals, lymphoid infiltrates were most commonly seen in the brain, bone marrow, and salivary gland. These were present in the bone marrow and brains of all the animals that were positive on virus isolation but were present only in the bone marrow of 1 animal in the negative and seropositive groups. A similar pattern was observed with the occurrence of lymphoid hyperplasia, mainly of the spleen, in that it was more common and severe in viremic animals.
Lymphoid depletion of the mesenteric node and, less frequently, in the spleen was seen in many infected animals ; however, unlike other lesions, this depletion was of slightly higher incidence in the seropositive animals. Lymphoid depletion is a consistent finding of SRV infection in other species of macaques and is usually present in the advanced stages of the disease. In one investigation it was reported that in animals affected by an immunodeficiency syndrome, lymphoid depletion was usually more profound in the mesenteric lymph nodes (3). Thus, it is possible that in our investigation, significant lymphoid depletion of mesenteric node was detected prior to the development of SAIDS.
Many of the intestinal lesions and associated clinical
signs of diarrhea seen in SRV-infected animals have been associated with the presence of secondary pathogens and or amyloidosis. Other investigators have examined SRVpositive rhesus macaques with a history of diarrhea and have reported the presence of diffuse infiltrates of lymphocytes and plasma cells in the lamina propria, which are often accompanied by villous blunting and are without evidence of amyloidosis or opportunistic infections (12) . Histologic evidence of intestinal amyloidosis or secondary gastrointestinal pathogens was not detected in any of the cynomolgus macaques in our study. However, 2 animals had lymphoplasmacytic enteritis with villous blunting and atrophy that ranged from mild to moderate.
Other animals had mild multifocal villous blunting and atrophy without significant inflammation. The enteritis was accompanied, in some cases, by a marked goblet cell hyperplasia. Goblet cell hyperplasia of variable severity was also seen frequently in infected animals in the absence of significant inflammation. The nature and cause of this lesion is uncertain, since it has not been reported in other species of SRV-infected macaques. This change may be the result of low-grade, persistent inflammation secondary to SRV virus infection, which has been demonstrated by immunohistochemistry to be present in the epithelial lining of the gastrointestinal tract of rhesus macaques (12, 13) .
Retroperitoneal fibromatosis was reported in 25% of deaths in a colony of celebes macaques, in which SRV infection was high (17) . The yearly incidence of subcutaneous and retroperitoneal fibromatosis in a colony of M. nemestrina was reported to range from 1.9 to 2.6% during a period of 4 yr (18, 19) . This fibroproliferative disorder was reported in a cynomolgus monkey from which SRV-2 was isolated (5) . No gross or histologic evidence of retroperitoneal or subcutaneous fibromatosis was seen in any of the monkeys in this study. Some reasons for the absence of this lesion include the following: (a) the cynomolgus macaque may be less susceptible to the development of this fibroproliferative disorder; (b) since this condition has been associated with serotype 2 (5) , it is possible that infection in our colony was restricted to serotype 1; and (c) although unlikely, it is possible that insufficient time had elapsed since the point of infection to allow for the occurrence of this syndrome. Statistically significant differences in hematocrit, white blood cell, lymphocyte, and neutrophil counts were detected between negative and viremic monkeys (Table I) .
Thus, it is evident from these data that SRV may induce significant alterations in clinical pathology parameters in otherwise asymptomatic animals; it is also clear that the evaluation of hematology values may be complicated by this virus during the assessment of drug-safety studies.
At the time of sacrifice, most animals had hematocrit values that were above 30%, and animals were not clinically anemic, except for 1 viremic animal that had a PCV of 21.6%. Therefore, the detected differences in hematocrit values between infected and negative animals were mostly the result of subtle changes in the infected animals. The low incidence of severe pancytopenia, even in viremic animals, suggests that pancytopenia may not be a typical manifestation of the disease in cynomolgus macaques.
One animal had clinical signs that were consistent with the advanced stages of SAIDS. This animal had anemia (PCV = 21.6%), generalized lymphadenopathy, splenomegaly, chronic diarrhea, and weight loss. Most animals, however, did not exhibit signs of severe illness, nor did they have histologic lesions that were consistent with an immunodeficiency syndrome. Because of the neutralizing and protective properties of the SRV antibody, it is likely that those animals that were antibody positive either recovered or developed a persistent low-grade infection that lacked the manifestations of this disease. However, it is interesting to note that even viremic animals did not appear to be immunodeficient, despite histologic evidence of moderate lymphoid depletion. The low incidence of clinical SAIDS suggests that this may not be a classic manifestation of the disease and that cynomolgus macaques are capable of remaining asymptomatic carriers. Alternatively, the fact that the animals were housed in single, separate cages combined with the use of good management and hygiene practices prevented the development of secondary infections, despite the animals' compromised immune systems. Since it is unknown when the animals became infected, it can be argued that sufficient time had not elapsed to allow the disease to manifest itself.
Because cynomolgus macaques are more readily available than are either the rhesus or the pigtailed macaque, they have become the most widely used nonhuman primate in drug-safety-assessment studies. In fact, imports of cynomolgus monkeys to the United States amounted to 80% of the total number imported in 1990 (7) . Our study provides a complete examination of the clinical pathology and histologic lesions associated with spontaneous SRV infection in a group of captive cynomolgus macaques that were used for drug-safety studies. Our results indicate that the presence of this virus is capable of inducing characteristic lesions in viremic animals that otherwise do not show signs of severe illness. These lesions are significant and could have an impact in the assessment of drug-safety studies involving histologic evaluation of tissues. Since most viremic animals were seronegative, it is advisable to perform virus isolation in conjunction with serology when screening for this disease. The relative absence of lesions or clinical signs in the seropositive animals shows how the presence of this viral disease within a colony may go undetected if routine blood tests are not performed. The low incidence of severe illness in viremic animals suggests that there may be a different manifestation of disease in the cynomolgus. Although histologic lesions in these spontaneously infected monkeys were similar to those reported in other species of macaques, there were apparent differences in the clinical outcomes of the infection, differences that can only be addressed with certainty by studying the progression of the disease in experimentally infected animals.
